Docket No.: 30538/38451 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR UNITED STATES LETTERS PATENT 



Title: 



AN IMPROVED PROCESS FOR THE PRODUCTION OF 
SUBSTITUTED THIOXANTHONES 



Allan William Timms 



Halewood 

Widnes 

Cheshire 

WA8 8NS; UNITED KINGDOM 



William Arthur Green 



Halewood 

Widnes 

Cheshire 

WA8 8NS; UNITED KINGDOM 



Title : An improved process for the production of substituted 
thioxanthones. 

DESCRIPTION 

The present invention relates to an improved process for the 
production of substituted thioxanthones. 

Various routes for the synthesis of substituted thioxanthones have 
been described. See, for example, J. Chem. Soc. 1910 (97), 1297, Davis and 
Smiles; J. Chem. Soc. 1911 (99), 1355, Marsden and Smiles; J. Indian 
Chem. Soc. 1929 (6), 273, Sen and Sen-Gupta and W097/49664, Anderson 
et al. Lambson Fine Chemicals Ltd. 

Whilst conventional synthetic routes to substituted thioxanthones 
are adequate, they do have a number of drawbacks. The routes can result 
in low yields of the desired product and/or mixtures of isomers and by- 
products that may be difficult to separate or purify. Thioxanthones with 
side chains containing a chemically reactive group are conventionally 
made by further synthetic steps from the thioxanthone molecule and can 
involve two, three or four stages, resulting in the production of such 
molecules being a time consuming and inefficient process with low overall 
yields. 

An example of a conventional synthetic route to 2- 
carboxymethoxythioxanthone involves three stages. Firstly, phenol is 
reacted with dithiobisbenzoic acid to produce 2-hydroxythioxanthone in a 



60% yield. Secondly, the 2 -hydroxy thioxanthone is reacted with ethyl 
bromoacetate to produce the ethyl ester of 2-carboxymethoxythioxanthone 
in 75% yield. Thirdly, the ester is hydrolysed by acidification to produce 
the desired product in 90% yield. These three stages form an inefficient 
and time-consuming process to provide a product that is a dark colour, 
contains impurities and byproducts and is produced with only an overall 
yield of 40% from the starting material. 

Substituted thioxanthones with side chains containing reactive 
groups are important intermediates in the pharmaceutical and 
photochemical industries. Therefore, an improved process for producing 
these intermediates in higher yields, with fewer steps and with less 
impurities would be desirable. 

It is object of the present invention to provide an improved process 
for the production of thioxanthone derivatives containing side chains with 
chemically reactive side groups that aims to overcome, or at least 
alleviate, the above-mentioned drawbacks. 

Accordingly, the present invention provides a process for the 
production of thioxanthone derivatives of the general formula (I) given 
below' 




where- 

Ri, R2 and R3 is hydrogen, CrCio alkyl, CrCio alkoxy, halogen,- hydroxy or 

C1-C2 dialkylamino; Ri, R2 and R3 being the same or different; 

R4 is oxygen, sulphur or absent;' 

R5 is hydrogen, CrCio alkyl or aryl; and 

Re is a straight or branched alkyl chain having 0 to 10 carbon atoms; 
the one -step process comprising reacting a compound of given general 
formula (II) below with mercaptobenzoic acid or dithiobisbenzoic acid in 
the presence of sulphuric acid^ 



R1 




R3 



Preferably R 6 is -(CH 2 )rT where n is 0 to 10 or -CH(CHs)-. 

Preferably, the compound of formula (II) is phenoxyacetic acid, 
where Ri, R2, R3 and R5 are each hydrogen, R4is oxygen and n = 1, thereby 
producing 2-carboxymethoxythioxanthone. < 

Preferably, the sulphuric acid is used in amounts of 1 part to about 
20 parts by weight of acid to 1 part by weight of dithiobisbenzoic or 
mercaptobenzoic acid. The concentration of the acid is preferably greater 
than or equal to 90%. 



The molar ratios of dithiobisbenzoic acid or mercaptobenzoic acid to 
a compound of formula (II) may vary between about 1-1 to 1-5. 

Preferably, the reactants are stirred for a sufficient time to 
complete the reaction. The reaction temperature during the addition of 
the reactants is preferably in the range 0°C to 30°C but may be increased 
during the reaction from about 30°C to about 90°C. The reaction time is 
preferably 0.5 to 6 hours. 

The product is preferably isolated from the reaction mixture by 
quenching with excess water and filtering the solid product. Preferably, 
water is added to dilute the acid strength to about 20 to 50%. The filtered 
product may be washed with water. The product may be further purified, 

■ 

if required, by means of crystallisation or slurry in an appropriate solvent. 

The resultant thioxanthone compound is substantially free of 
impurities and may be provided in yields of up to 80%. Additionally, a 
single isomer is obtained. 

The present invention further comprehends novel thioxanthone 
compounds as follows- 



l,2-Dimethyl-4"carboxymethoxythioxanthone, 
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l"Chloro-4"carboxymethoxythioxanthone, 
l-Carboxymethoxy-4-methoxythioxanthone, 

1- Methyl-4-carboxymeth.oxythioxanthone, 

2- (2-Methyl)-carboxymethoxythioxanthone, 

The present invention will now be further illustrated by means of 
the following Examples in which Example 1 describes the synthesis of 2- 
carboxymethoxythioxanthone from dithiobisbenzoic acid according to the 
method of the present invention and Example 2 describes the synthesis of 
2-carboxymethoxythioxanthone from mercaptobenzoic acid according to 
the method of the present invention. 
Example 1. 

Preparation of 2-carboxymethoxythioxanthone from dithiobisbenzoic acid. 
Concentrated sulphuric acid (500g) and dithiobisbenzoic acid (30. 6g) were 
charged to a reactor and phenoxyacetic acid (60. 8g) was added over 1 hour 
keeping the temperature at 0-25°C. After stirring for 1 hour, water 




(470mls) was added. The solid product was filtered and washed with 
water (2x50mls). The solid was then stirred in 50% aqueous acetone 
(200mls) and heated to reflux for 0.5 hours. After cooling to ambient 
temperature the solid was filtered, washed with water and dried. 2- 
Carboxymethoxythioxanthone (43. 4g) was obtained in 76% yield. This 
was a dull yellow solid, melting point 207 - 212°C. Assay by HPLC >97%. 
A single isomer was obtained. 
Example 2. 

Preparation of 2-carboxymethoxythioxanthone from mercaptobenzoic acid. 
Concentrated sulphuric acid (250g) and mercaptobenzoic acid (15. 4g) were 
charged to a reactor and phenoxyacetic acid (25. 8g) was added over 1 hour 
keeping the temperature at 5-25°C. The temperature was raised to 50- 
60°C for 1 hour then water (270mls) was added. The solid product was 
filtered and washed with water (2x50mls). The solid was stirred in 
120mls 50% aqueous acetone and brought to reflux for 0.5 hours. After 
cooling to 15°C, the solid was filtered, washed with water and dried. 2- 
Carboxymethoxythioxanthone (13. 5g) was obtained in 47% yield. This 

was pale yellow solid, melting point 210-215°C. Again, a single isomer of 

the product was produced. 

The present invention enables a substituted thioxanthone 

compound to be provided that is substantially free of impurities and can 

be isolated in yields of up to, and possibly in excess of, 80% and as a single 

isomer. 
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This invention displays - a yield from a single stage process that 
greatly exceeds that from alternative multi-stage conventional synthetic 
routes and provides material which is essentially free of impurities. The 
thioxanthone compounds so produced are useful as reactive intermediates 
in the pharmaceutical and photochemical industries. 

Example 3 

Preparation of l^-dimethyl^-carboxymethoxythioxanthone 




Concentrated sulphuric acid (115 cm 3 ) and dithiobisbenzoic acid (12.2 g) 
were charged to a reactor and 3,4-dimethylphenoxyacetic acid (25.2 g) was 
added over 1 to 2 hours at 10° to 15°C with cooling. After stirring for a 
further 1 hour at 10° to 20°C, then at 30° to 40°C for 2 hours a bright red 
solution was obtained. This reaction mixture was then quenched onto 
water (230 mis) whilst allowing the temperature to rise to ~80°C. The 
quenched mixture was stirred for a further 25 minutes at ~80°C then 
cooled to 30°C. The resulting precipitate was filtered, washed with water 
and dried. 
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The resulting crude product was slurried in a mixture of water (80 mis), 
acetic acid (25 mis), and 2-butanone (45 mis) at reflux for 30 minutes, 
cooled to ambient temperature and filtered. The damp product cake was 
washed with a mixture of water 
and 2-butanone followed by water, then dried. 

l,2-Dimethyl-4-carboxymethoxythioxanthone (13. 7g) was obtained in 
54.4% yield. This was a bright yellow solid, melting point 226° to 229°C. 
Assay by hplc >98%. 
Example 4 

Preparation of l-chloro-4-carboxymethoxythioxanthone 




Concentrated sulphuric acid (120 mis) and dithiobisbenzoic acid (12.2 g) 
were charged to a reactor and 4-chlorophenoxyacetic acid (26.1 g) was 
added over 1 to 2 hours at 10° to 15°C with cooling. After stirring for a 
further 1 hour at 10° to 20°C, then at 30° to 40°C for 2 hours a deep red 
solution was obtained. This reaction mixture was then quenched onto 
water (250 mis) whilst allowing the temperature to rise to ~80°C. The 
quenched mixture was stirred for a further 25 minutes at ~80°C then 
cooled to 30°C. The resulting precipitate was filtered, washed with water 
and dried. 
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The resulting crude product was slurried in a mixture of water (80 mis), 
acetic acid (25 mis), and 2-butanone (45 mis) at reflux for 30 minutes, 
cooled to ambient temperature and filtered. The damp product cake was 
washed with a mixture of water 
and 2-butanone followed by water, then dried. 

l-Chloro-4-carboxymethoxythioxanthone (18. 9g) was obtained in 73.8% 
yield. This was a pale dull yellow solid, melting point 230° to 232°C. 
Example 5 

Preparation of l _ carboxymethoxy-4-methoxythioxanthone 




Concentrated sulphuric acid (120 mis) and dithiobisbenzoic acid (12.2 g) 
were charged to a reactor and 4-methoxyphenoxyacetic acid (25.5 g) was 
added over 1 to 2 hours at 10° to 15°C with cooling. After stirring for a 
further 1 hour at 10° to 20°C, then at 30° to 40°C for 2 hours a deep red 
solution was obtained. This reaction mixture was then quenched onto 
water (250 mis) whilst allowing the temperature to rise to ~80°C. The 
quenched mixture was stirred for a further 25 minutes at ~80°C then 
cooled to 40°C. The resulting precipitate was filtered and then washed 
with water. 
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The resulting crude product was slurried in a mixture of water (80 mis), 
acetic acid (25 mis), and 2-butanone (45 mis) at reflux for 30 minutes, 
cooled to ambient temperature and filtered. The damp product cake was 
washed with a mixture of water 
and 2-butanone followed by water, then dried. 

l-Carboxymethoxy-4-methoxythioxanthone (16. 8g) was obtained in 66.4% 
yield. This was an orange / yellow powder, melting point 223° to 225°C. 
Example 6 

Preparation of l-methyl-4-carboxymethoxythioxanthone 




Concentrated sulphuric acid (120 mis) and dithiobisbenzoic acid (12.2 g) 
were charged to a reactor and 4-methylphenoxyacetic acid (19.9 g) was 
added over 1 to 2 hours at 10° to 15°C with cooling. After stirring for a 
further 1 hour at 10° to 20°C, then at 30° to 40°C for 2 hours a deep red 
solution was obtained. This reaction mixture was then quenched onto 
water (250 mis) whilst allowing the temperature to rise to ~80°C. The 
quenched mixture was stirred for a further 25 minutes at ~80°C then 
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cooled to 30°C. The resulting precipitate was filtered and then washed 
with water and dried. 

The resulting crude product was slurried in a mixture of water (60 mis), 
acetic acid (20 mis), and 2-butanone (30 mis) at reflux for 30 minutes, 
cooled" to amBienf "temperature and filtered. The damp product cake was 
washed with a mixture of water 
and 2-butanone followed by water, then dried. 

l-Methyl-4-carboxymethoxythioxanthone (I4.0g) was obtained in 58.3% 
yield. This was a pale yellow powder, melting point 198° to 235°C. 
Example 7 

Preparation of 2-(2-methyl)-carboxymethoxythioxanthone 




Concentrated sulphuric acid (120 mis) and dithiobisbenzoic acid (12.2 g) 
were charged to a reactor and 2-phenoxypropionic acid (23.3 g) was added 
over 1 to 2 hours at 10° to 15°C with cooling. After stirring for a further 1 
hour at 10° to 20°C, then at 30° to 40°C for 2 hours a deep red solution 
was obtained. This reaction mixture was then quenched onto water (250 
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mis) whilst allowing the temperature to rise to ~80°C. The quenched 
mixture was stirred for a further 25 minutes at ~80°C then cooled -to 30°C. 
The product precipitated as an oily mass which was slurried in a mixture 
of water (80 mis), acetic acid (30 mis), and 2*butanone (40 mis) at reflux 
for 30 minutes, cooled to ambient temperature and filtered. The damp 
product cake was washed with a mixture of water and 2-butanone followed 
by water, then dried. 

2-(2-Methyl)-carboxymethoxythioxanthone (13. 6g) was obtained in 56.37% 
yield. This was a green powder, melting point = 174° to 177°C. 



